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I  SUMMARY 

This  report  includes  the  final  performance  and  weight  estimates  for 
the  six  VTOL  aircraft  found  most  promising  in  the  general  configuration 
studies  of  reference  (a)  and  previously  reported  in  reference  (b).  The 
following  six  configurations  were  determinedto  be  most  suitable  for  fulfil¬ 
ling  the  transport  mission  requirements  at  speeds  of  300  mph  or  greater: 

1.  Tilt  Wing  Propeller 

2.  Tilting  Ducted  Propeller 

3 .  Vectored  Lift 

4.  Special  Hovering  Turbojet 

5.  Vertodyne 

6.  Vectodyne 

The  summary  of  weights  and  performance  on  the  following  page 
indica.te  the  first  three  configurations  have  approximately  equal  capability 
at  the  specified  cruising  speed  of  300  mph  with  the  vectored  lift  design 
resulting  in  a  higher  gross  weight  because  of  its  relative  inefficiency  for 
VTOL  operation.  The  latter  three  configurations,  considered  most  prom¬ 
ising  for  high  speed,  give  an  indication  of  the  gross  weight  growth  accom¬ 
panied  with  the  combination  of  VTOL  capabilities  and  increased  forward 
speed  potential.  With  regard  to  speed  it  can  be  seen  that  the  Special 
Hovering  Turbojet  does  have  relatively  low  forward  flight  performance 
as  a  result  of  the  minimum  number  of  engines  installed  for  forward  thrust, 
i.  y/a  /'ll  that  the  maximum  forward  speed  requirement  of  375  mph 
should  be  sacrificed  for  this  concept  since  all  other  mission  requirements 
were  met  with  the  chosen  power  plants.  The  375  mph  speed  could  be  met 
simply  by  installing  a  forward  flight  power  package  capable  of  greater 
thrust  with  a  corresponding  increase  in  the  normal  gross  weight. 

The  Vertodyne,  from  a  gross  weight  point  of  view,  appears  more 
promising  than  the  Vectodyne  for  this  particular  mission  with  the  former 
being  penalized  considerably  for  cruising  at  10,  000  feet.  Because  of  its 
large  wing  area  the  Vertodyne  >.«?,  of  course,  more  suitable  to  cruising  at 
altitudes  higher  than  the  mission  requirement  as  can  be  easily  seen  in 
reference  (c). 

The  summary  of  weights  and  performance  is  shown  on  the  following 
page  for  the  basic  transport  mission.  A  more  complete  picture  of  the 
performance  capability  of  each  configuration  can  be  found  in  the  Charac¬ 
teristics  Charts  presented  in  the  body  of  the  report. 
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ILTRi  Dl  Z7U.U 

The  performance  analysis  used  in  the  preoaration  of  the  data 
presented  throughout  this  report  follow  the  accepted  methods  as 
outlined,  for  instance,  in  reference  (c).  The  only  exception  is  the 
method  of  analysis  used  for  the  Vectodyne  which  employs  the  Aerodyne 
principles  and  is  discussed  further  in  that  particular  section. 

The  mission  requirements  which  dictated  the  normal  gross 
weight  for  the  configurations  considered  'are  as  follows: 


a. 

Payload 

8,000  lb.  out  -  *+,000  lb.  return 

b. 

Take-off 

Vertical  6,000  ft.  at  95°F 

c . 

Cabin  Size 

8'  x  9* x  length  required  for 

3 5  troops 

d . 

Cargo 

3 5  Infantry  Troops  or  equivalent 
vehicles 

e. 

Cruise  Speed 

300  mph 

f . 

Flight  Profile 

20$  of  radius  adjacent  to  target 
at  S.L. 

6- 

Landing 

Vertical 

h. 

Radius  of  Action 

4-2  5  Statute  Miles 

Pertinent  dimensional  data  for  the  six  VTOL  configurations 
fulfilling  the  above  mission  requirements  are  shown  on  Table  1. 

Table  2  is  a  consolidated  group  weight  statement  indicating  the 
difference  between  configurations  of  component  weight  items.  The 
drag  summary  on  Table  3  similarily  gives  a  minimum  breakdown  of  the 
component  drag  items.  It  should  be  noted  that  in  the  case  of  the 
Special  Hovering  Turbojet  and  the  Vertodyne  where  a  thick  section  is 
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required,  the  wing  drag  coefficient  reflects  the  high  speed  -  low 
drag  airfoil  as  given  in  the  Table  of  Dimensions. 

Standard  Aircraft  Characteristics  Charts  have  been  prepared 
for  each  configu  ation  and  are  shown  in  the  following  sections. 
These  charts  present  a  composite  picture  of  each  aircraft  and  as 
such,  provide  an  easy  means  for  an  overall  appraisal  of  the  six 
configurations  considered  most  promising  for  the  military  transport 
mission. 
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AVAILABILITY 

PROCUREMENT 

Number  available 

Number  to  be  delivered  in  fiscal  years 

ACTIVE 

RESERVE 

TOTAL 

STATUS 


POWER  PLANT 


(6)  Allison  550  13-1 
Turboprops 


Eng  inn  Ratings 


3HP 

lti’H 

ALT 

TO: 

5168 

9900 

S.L. 

ML: 

5168 

9900 

3 .  L . 

NOh: 

4590 

9900 

S.L. 

FEATURES 


Roar  aperature  loading 
ramp . 

Cargo  floor  at  truck 
bo  I  loading  height. 


GENERAL 


Crew 

Troops 


Cabin  Floor 
Area 


j 

35 


315  sq.ft 
abln  Volume  2,520  cu.ft 


JULY,  195b 


TILT  WING 
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" VTO  Capability  6000'  -  ?5  F 
Military  Power 

«J.  (Out  of  Ground  Effect)  <2J  ,u|uU  M1Ui 


PERFORM  Jiff  Cl 


CC  AT  RADIUS!  PSRRT  RANGE 


10%  al 

radiue 


1165  Sut.  Mi. 

with  2790  gal.  fuel 

at  28u  mph  avg. 

at  88.  899  lb  T.O,  wt. 
and  8000  lba  payload 


MAX  436  mph  at 
Sea  Level  It  alt.  N.  R.P. 


MAX  440  mph  at 
10,000  It  alt.  N.R.P. 


TAKE -OFF 


HOVERING  CEIL. 


6000  It. ,  taka-o If 

Military  Power 
9I°F  Ambient 
Temperature 
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AVAILABILITY 


PROCUREMENT 


Number  available 


Number  to  be  delivered  in  fiacal  yeara 


ACTIVE  RESERVE'  TOTAL 


STATUS 


POWER  PLANT 

(6) 

Allison 

550  B-l 

Turboprops 

Engine  Ratings 

SUP 

RPM 

ALT 

TO  i 

5168 

9900 

•5.L. 

MIL 

5168 

9900 

T .  L . 

N'  OR 

:  4  590 

9900 

O.I.. 

rifr'l  i.'i  )  f  H  Hil 

Crew 

3 

Troops 

35 

Cabin  Floor 
Area 

315  sq.ft 

Cabin  Volume 

2,520  cu.ft 

FEATURES 


Rear  aperature  loading 
ramp. 

Cargo  floor  at  truck 
bed  loading  height. 


JULY,  1956 


TH.TING  DUCTED  PROPELLER 
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COMBAT  RADIUS 

1  FEBBY RANGE  (PESO 

42)  Sut.  Mi. 

with  8000  lb  payload 

at  300  mph  avg. 

1310  SUt.  Mi. 

with  3030  gal.  fuel 

at  280  mph  avg. 

at  93271’'  lb  T.O.  wt. 
and  8000  lb*,  payload 

MAX  421  mph  at 

SSa  Level  ft  alt,  N.R.P. 

MAX  424  mph  at 

10,000  ft  alt,  N.R.P. 

c  L  !  M  S 

C  i  I  LI  N  6 

TAKE- OFF 

6660  fpm 

tea  level,  Uke-off  weight 
normal  power 

42,200  ft 

100  fptn,  Uke-off  weight 
normal  power 

Vertical  Take-Off 

5600  fpm 

10000  ft  uke-off  weight 
normal  power 

LOAD 

WEIGHTS 

BOVBBINO  CEIL. 

Crew  600  lb« 

■  ,r,  .■  ••'furgB- 

Payload  8000  lbt 

Fuel  19690  Iba 

Gil  3U0  Ilia 

Useful  30410  lb 

Empty  62860  lb 

Take-Off  93270  lb 

6000  ft. ,  uke-off 

Mil.Ury  Power 

95  V  Ambient 
Temperature 

_ _  NOTES 

1.  Performance  Batin: 

(a)  Data  Source:  Estimated 

(b)  Performance  ia  Bated  on  Powere  Shown  on  Page  1 

(c)  Data  do  not  include  Ground  Effect 
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Oitbound  Payio-** 
80001 


19000'  Crum  (Std.  Atmoi, ) 


f 

/'  VI  111  t 
Vi  1  /;  lo»t0i 


Inbound  Payl  oud 
4000# 


20%  o/ 


Capability  6000'  -  95  F 
Military  Power 

Ground  Effect) 


425  Statute  Mila* 


||  ,  PERFORMANCE 

COMBAT  RADIUS 

FERRY  RANOE 

1  S  P  E  E  D 

425  Stmt.  Mi. 

with  8000  lb  payload 

at  300  mph  avg. 

1280  Stat.  Mi. 

with  3280  gal.  fuel 

at  280  mph  avg. 

at  111,313  lb  T.O.  wt, 

and  8000  lba  payload 

MAX  450  mph  at 

Sea  Level  ft  alt,  N.R.  P. 

MAX  455  mph  at 

10,000  ft  alt,  N.R.P. 

CLIMB 

CEILING 

TAKE- OFF 

7600  fpm 
uaa  leval,  take-off  weight 
normal  power 

39800  ft 

100  fpm,  take-off  weight 
normal  power 

Vertical  Take-Off 

6400  fpm 

100 'JO  ft  take-off  weight 
normal  power 

LOAD 

WEIGHTS 

BOVEHINa  CEIL. 

Crew  600  lba 

Payload  8000  lba 

Fuel  21320  lbs 

Oil  400  lba 

Useful  32450  lb 

Empty  78863  lb 

Taka -Off  111,313  lb 

6000  ft.,  take-off 

Military  Power 
Ambient 
Temperature 

NOTES 


1,  Performance  Basis: 

(a)  Data  Sourca:  Estimated 

(b)  Performance  id  Baaed  on  Powers  Shown  on  Page  3 

(c)  Data  do  not  i-iclude  Ground  Effect 
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PERFORMANCE 


COMBAT  RADIUS 

FERRY  RANGE 

SPEED 

425  Scat.  Mi. 

with  8000  lb  payload 

at  300  mph  avg. 

1110  Stat.  Mi. 

with  6900  gal.  fuel 

at  300  mPh  avg. 

at  107,286  lb  T.O.  wt. 

MAX  384  mph  at 

Sea  Level  ft  alt,  N.R,  P. 

MAX  347  mph  at 

10,000  ft  alt,  N.R.P. 

CLIMB 

CEILING 

800  fpm 

sea  level,  take-off  weight 
normal  power 

13600  ft 

100  fpm,  take-off  weight 
normal  power 

Vertical  Take-Off 

330  fpm 

10000  ft  take-off  weight 
normal  power 

LOAD 

WEIGHTS 

HOVERING  CEIL. 

Crew  600  lbs 

Payload  8000  lbs 

Fuel  44750  lbs 

Oil  1360  lbs 

Useful  55,780  lb 

Empty  51,  506  lb 

Take-Off  107,286  lb 

6000  ft.,  take  -off 

Military  Power 

95<V  AmbiepW 
Temperature^ 

_  NOTES 

1.  Performance  Basis: 

(a)  Data  Source:  Estimated 

(b)  Performance  is  Based  on  Powers  Shown  on  Page  3 

(c)  Data  do  not  i'iclude  Ground  Effect 
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AVAILABILITY 

PROCUREMENT 

Number  available 

Number  to  be  delivered  in  fiscal  years 

ACTIVE 

RESERVE' 

TOTAL 

STATUS 


POWER  PLANT 


(fO  General  Fiectric 
J -70  Turbo, )ots 


Endin''  Ratings 


;t 


" tu  tic 

Thrust 

Alt 

10,00". 

It;. 

3 .  L. 

0,7)' 

r  s. 

3.1  . 

TEAT  U RES 


Roar  aporaturo  loading 
ramp. 

Cargo  floor  at  truck 
bed  loading  height. 


GENERAL 


Crew 

Troopc 


Cabin  Floor 
Area 


311  sq.ft 
Cabin  Volume  ?,5R)  cu.ft 


JU  ,  !>r> 
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@JtfL\4sltnUCUt Summary  'SiuU'ftUui** 


OifW *jU  P*>  to  ■  j 

•000# 


UuOc  Crum  (Std.  Atmos.) 


Inbound  Payload 
4000# 


/VTO  Capability  600u'  -  95  F 
Military  Power 


(Out  of  Ground  Effs<  t) 


425  Statuts  Miles 


20%  of 
radius 


_ PERFORMANCE _ 

COMBAT  RAPIPSl  FERRY  RANGE  «  PEEP 


425  Scat.  Mi. 
with  8000  lb  payload 
at  400  mph  avg. 

CLIMB 


1530  Stat.  Mi. 

with  5770  gal,'  fuel 

at  385  mph  aVg. 

at  113.958  lb  T.O.  wt. 
and  8000  lbs  payload 

CIllIN G 


MAX  506  mph  at 
Sea  Level  ft  alt,  N.R.  P. 

MAX  500  mph  at 
10,000  ft  alt,  N.R.  P. 


TAKE-  OFF 


3650  fpm 

•  ta  level,  taka -off  weight 
normal  power 


2550  fpm 

10000  ft  take-off  weight 
normal  power 


37000  ft 

100  fpm,  taka -off  weight 
normal  power 


L  O 

A  P 

WEIGHTS 

Crew 

600  lbs 

Useful 

47048 

lb 

Payload 

8000  lbs 

Empty 

66910 

lb 

Fuel 

37510  lbs 

Take-Off 

113.958 

lb 

Gil 

300  lbs 

Vertical  Take-Off 


HOVERING  CEIL. 

6000  f;. ,  take-off 

Military  Power 
95ar'  Ambient 
Temperature 


_ _ NOTES 

1.  Perform*,  ce  Basil: 

(a)  Data  jource.  Eitima..,d 

(b)  Performance  la  Based  on  Powers  Shown  on  Page  3 
{<- )  Data  do  not  include  Ground  Effect 
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V SC TO DYKE  -  FORWARD  FLIGHT  PERFORMANCE 


In  the  broad  parametric  analysis  (Reference  (a)  )  performance 
evaluation  for  the  "Vectodyne"  concept  was  estimated  from  equations 
which  were  arrived  at  following  a  series  of  discussions  with  Dr. 
Lippisch  of  Collins  Radio  Corporation  and  considered  adequate  for  the 
study  at  the  time. 


However,  the  methods  used  have  been  altered  to  better  reflect 
the  thrust  and  power  requirements  for  the  Vectodyne  and  are  based 
on  the  momentun  and  energy  principles. 


If  a  mass  of  air  is  directed  through  a  duct  which  is  moving 
at  some  velocity  (V)  and  deflected  through  an  angle  ( jf )  so  that 
its  exit  velocity  (Vex)  is  greater  than  (V) ,  a  velocity  diagram  for 


this  condition  would  be  as  follows: 


f 


Aex 


=  forward  speed  (f.p.s.) 

=  velocity  of  air  at  exit  of 
duct  (f.p.s.) 

=  angle  of  deflection  of  air  mass 

=  density  of  air  (slugs/ft.-) 

=  equivalent  flat  plate  of 
aircraft  (ft.?) 

=  exit  area  of  duct  (ft.^) 


The  mass  f_ow  of  air  at  the  duct's  exit  multiplied  by  the  net 
horizontal  velocity  would  give  the  force  available  in  the  horizontal 
direction.  Now  if  Vex  >  than  V  so  that  the  net  horizontal  velocity 
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r*  «# 


ftif®  so 

Rtport  R-fcj 


C0*F3DBrmL 


is  (Vex  x  cos  f  -  V),  then  the  horizontal  force  CTh )  will  be; 

Th  =  ((>Aox^cxY^€xCo5^"‘^)  (1) 

Since  Vex  >  V,  the  horizontal  force  (Th)  can  be  utilized  to 
overcome  the  drag  (Dp)  of  an  aircraft  traveling  at  a  velocity  (V), 
and  since  Dp  -  then: 

Dp  =  Tr 


(la) 


or  jP^^f  '  lD/}e,^SK(^CeS^-^ 


Similarly,  the  net  velocity  in  the  vertical  direction 
(Vex  S/n  IT  )multiplied  by  the  mass  flow  of  air  at  the  duct's  exit 
would  give  the  force  available  in  the  vertical  direction: 


TV  ~  (°  ^e*.  )( VeK  S/rtlT) 


(2) 


This  force  (Tv)  must  be  equal  to  the  weight  (W)  of  the 
aircraft  traveling  at  velocity  (V)  in  level  forward  flight. 

or  W  =  ly  =  ((0/>o,Ve *)(Vei(s-/f>r) 


The  horsepower  required  (P)  to  move  the  aircraft  traveling 
at  velocity  (V)  in  level  forward  flight  must  equal  the  change  in 
Kinetic  energy  per  second: 
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In  order  to  incorporate  the  effect  of  compressibility  and 
drag  at  higher  forward  speeds,  equation  (la)  should  be  altered  as 
follows: 


&r  (Xu  "5  r~  K) 


(lb) 


Now,  solving  equation  (lb)  for  Vex  the  following  expression 
is  obtained: 


=  V 


2/>e*  £  / *  8  (cos 


44e*  (cos  r) 

(W 

/etf-  /3  r  f  a A*Jce* r)f  (afe) '  1 

'  [  4AeK(cosf)  J 

/.  Vo,=  V(P) 


W 


Solving  equation  (2a)  for  Vex,  the  following  expression 
is  obtained:  _ _ _ , 

Ve* '  .  (5) 
Equation  (^)  expresses  Vex  as  a.  function  of  forward  speed  (V) 
and  deflection  angle  (  }f~  ) ,  and  equation  (5)  expresses  Vex  as  a 
function  of  (  Y  )  and  air  density,  (jO  ) ,  or  altitude.  For  a  given 
set  of  conditions,  i.e.,  forward  speed,  altitude,  and  gross  weight 
two  solutions  for  Vex  can  be  obtained  as  a  function  of 
and  plotted  as  follows: 
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Armed  Services.  Tecbnicei  Informetion  Agency 

ARLINGTON  HALL  STATION 
1  \  ARLINGTON  12  VIRGINIA' 


FOR 

MICRO-CARD 
CONTROL  ONLY 


AftE  USED  FOR  ANY  PURPOSE  OTHER  THAN  m  roS  SPECIFICATIONS  OR  OTHER  DATA 
GOVERNMENT  PROCUREMENT  OPERATION^  WITH  A  DEFINITELY  RELATED 

rn,^SP°NSIBILiTY’  NOR  ANY  OBLIGATION  WHATSf?p^?» J ERNMENT  THEREBY  INCURS 
GOVERNMENT  MAY  HAVE  FORMULATED  FURVT*m2f ™E  FACT  THAT  THE 
8A®  BRAWINGS,  SPECIFICATIONS  OR  OThTiTdat  A  2^?!^  WAY  SUPPLIED  THE 
IMPLICATION  OR  OTHERWISE  A<?  TK  twv  18  N0T  TO  ^  REGARDED  BY 

PE£SON  OR  CORPORATION,  OR  HOLDER  OR  ANY  OTHER 

USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  may^  ?BPEBJ?ISSI0N  T0  MANUFACTURE, 

vr.ru  1UN  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 


The  intersection  of  these  two  functions  yields  the  required 
deflection  settlor  (  f" )  &nd  corresponding  exit  velocity  (Vex) 
necessary  to  maintain  level  forward  flight  at  the  chosen  forward 
speed  (V)  and  given  set  of  conditions. 

The  power  required  for  this  set  of  conditions  can  now  be 
easily  obtained  from  equation  (3a)  rearranged  as  follows: 

i(%&)  Vf>[wf- v]  (6, 

where ,  74  accounts  for  transmission  and  duct  losses  and 
propeller  efficiency. 
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Outbound  Pa  yio  •  •* 
8000#  _  _ 


16000-  Cruise  (Std,  Atmoi, ) 


Inbound  Payload 
4000# 


/VTO  Capability  6000'  -  95  F 
Military  Power 
(Out  0/  Ground  Effei  t) 


4Z5  Stututa  Mila* 


l\  20%  of 

W  radiu* 


_ PERFORMANCE _ 

COMBAT  RADIUS!  FIRRY  RANGE  I  I  F  E  E  D 


425  Scat.  Mi. 


with  8000  lb  payload 
at  360  mph  avg. 


CLIMB 


5850  fpm 
«aa  laval,  taka -oil  weight 
normal  powar 


3650  1pm 

100','C  it  take-off  waight 
normal  power 


Payload 


600  lbe 


8000  lba 


37950  ibs 


450  lba 


360  Sut.  Mi. 


with  5840  gal,  l ual 

at  350  mph  avg. 

at  121790  lb  T.  O.  wt. 
and  8000  lba.  Payload 


cmiN 


24000  ft 

100  fpm,  Uke-olf  weight 
normal  power 


MAX  450  mph  at 
Sea  Level  ft  alt.  N.R.  P. 


MAX  460  mph  at 
10,000  ft  alt,  N.R.P. 


TAKE-OFF 


WEIGHTS  I  HOVERING  CEIL. 


Uieful  49110  lb 


Empty  72380  lb 
Take-Off  121,790  lb 


6000  ft.,  taka -off 

Military  Power 
95aF  Ambient 
"f  emperature 


1.  Performance  Baei.i: 

(a)  Data  >ource:  Estimated 

(b)  Performance  ia  Baaed  on  Powers  Shown  on  Page  3 

(c)  Data  do  not  include  Ground  Effect 
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